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PATENT 

ATTORNEY DOCKET NO: 05241/046001 

IMPROVED DRILLING METHOD AND APPARATUS 
Background of the Invention 

Subterranean drilling typically involves rotating a 
drill bit on a downhole motor at the remote end of a string 
*of drill pipe. The rotating bit works its way through 
underground formations opening a path for the drill pipe 
that follows. Drilling fluid forced through the drill pipe 
may rotate the motor and bit. The assembly may be directed 
or steered from a vertical drill path in any number of 
directions. Steering allows the operator to guide the 
wellbore to desired underground locations. For example, to 
recover an underground hydrocarbon deposit, the operator may 
first drill a vertical well to a point above the reservoir. 
Then the operator may steer the wellbore to drill a 
deflected, or directional, well that optimally penetrates 
the deposit. The well may pass horizontally through the 
deposit. The greater the horizontal component of a well or 
bore, the greater the friction between the bore and the 
drill string. This friction slows drilling by reducing the 
force pushing the bit into new formations. 

Directional drilling, or steering, is typically 
accomplished by orienting a bent segment of the downhole 
motor driving the bit. Rotating the drill string changes 
the orientation of the bent segment and the "toolface", and 
thus the direction the bit will advance. To effectively 
steer the assembly, the operator must first determine the 
current toolface orientation. The operator may measure the 
toolface orientation with what is commonly known as 
"measurement while drilling" or "MWD" technology. If the 
drilling direction needs adjustment, the operator must 
rotate the drill string to change the orientation of 
toolface . 
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If no friction acts on the drill string or if the 
drill string is very short, simply rotating the drill string 
will correspondingly rotate the segment of pipe connected to 
the bit. However, during directional drilling, the drilling 
5 operator deflects the well or bore over hundreds of feet so 
that the bend in the drill string is not sudden. Thus 
directional drilling is often performed at the end of a 
drill string that is several thousand feet long. Also, 
directional drilling increases the horizontal component of a 
10 well and thus increases the friction between the drill 

string and the well. The drill string is elastic and stores 
^ torsional tension like a spring. The drill string may 

2 require several rotations at the surface to overcome the 

friction between the surface and the bit. Thus, the 
15 operator may rotate the drill string several revolutions at 
the surface without moving the toolface. 

Typical drilling drives, such as top drives and 
independently driven rotary tables, prevent drill string 
rotation with a brake. To adjust the orientation of the 
20 toolface, the operator must release the brake and quickly 
supply sufficient power to the motor to overcome the 
torsional tension stored in the drill string and to advance 
the drill string the appropriate amount at surface to 
reorient the toolface at the end of the drill string. If 
25 the brake is released and insufficient power is supplied to 
the motor, the drill string will backlash. If too much 
power is supplied to the motor, the motor will quickly 
rotate the toolface past its desired orientation. If the 
initial brake release and motor power-up are successful, the 
3 0 operator must then stop the motor with the brake once the 

operator thinks the drill string has rotated sufficiently to 
properly reorient the toolface. If the operator's guess is 
too high, the motor will rotate the toolface past the 




desired orientation. If the operator's guess is too small, 
the motor may rotate the drill string at the surface but the 
toolface will not rotate sufficiently to be properly 
oriented. 

5 Summary of the Invention 

The present invention provides apparatus and methods 
for eliminating some or all of the guess work involved in 
orienting a steerable downhole tool by precisely controlling 
the angle of rotation of the drill string drive motor. One 

10 embodiment allows the operator to designate the exact angle 
the motor will advance the drill string at the surface. 
Another embodiment of the invention prevents backlash. The 
invention also exploits the elasticity of the drill string 
to reduce the friction between the drill string and the bore 

15 by continuously oscillating the drill string between the bit 
and the surface without disturbing the orientation of the 
toolface. In another embodiment, the computer controlling 
the drive motor receives toolface orientation information 
from MWD sensors and automatically rotates the drill string 

20 at the surface to orient the toolface as desired. 

In one embodiment, the drill string drive motor is 
controlled by a computer. The computer monitors the 
rotation of the drill string at the surface through sensors. 
The computer is programmed to advance the drill string the 

25 precise angle entered by the operator. 

In another embodiment, the drill string drive motor 
is controlled by a computer. The computer monitors the 
rotation of the drill string at the surface through sensors. 
The computer is programmed to rotate the drill string a 

3 0 predetermined angle and then to reverse the direction of 

rotation and rotate the drill string back through the same 
predetermined angle. 
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In another embodiment, a rotation sensor monitors 
the rotation of the drill string at the surface. A MWD 
sensor monitors the orientation of a downhole tool. Data 
from the rotation sensor and from the MWD sensor is 
5 transmitted to a computer that controls the drill string 
drive motor. 

In yet another embodiment, the motor rotating the 
drill string is hydraulic. A control valve causes fluid to 
advance the motor in a first direction when the control 
10 valve is open. A counterbalance valve prevents rotation of 
the motor in the first direction when the control valve is 
closed. 

One embodiment involves monitoring the rotation of a 
El drill string, transmitting the rotational data to a 

^1 15 computer, controlling the motor rotating a drill string with 
SJ the computer and instructing the computer to advance the 

y motor a predetermined angle. 

Another embodiment involves monitoring the rotation 
of a drill string, transmitting the rotational data to a 
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y ; 20 computer, controlling the motor rotating a drill string with 



the computer and instructing the computer to oscillate the 
motor between predetermined angles. 

Yet another embodiment involves monitoring the 
rotation of a drill string, monitoring the orientation of a 
25 downhole tool, transmitting the rotational data and 

orientation data to a computer, controlling the motor 
rotating a drill string with the computer and instructing 
the computer to achieve or maintain a desired downhole tool 
orientation by controlled actuation of the motor. 

3 0 Brief Description of the Drawing 

Figure 1 is a schematic view of . a directionally 
drilled well; 
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Figure 2 is a side elevation view of a top drive 
motor according to the present invention; 

Figure 3 is a partial cross-section of an elevation 
view of a top drive motor according to the present 
5 invention; 

Figure 4a is a plan view of one aspect of the 
present invention; 

Figure 4b is a partial cross-section of a side 
elevation view of one aspect of the present invention; 
10 Figure 4c is a detailed partial cross-section of a 

side elevation view of one aspect of the present invention; 
and 

Figure 5 is a schematic view of certain aspects of 

. 

Bj the present invention. 

Si 15 Description of the Preferred Embodiments 
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Figure 1 depicts a drilling rig 10 with a top drive 
12. (While a top drive 12 is shown, the principles of this 



D invention apply to any drive system including top drive, 

rp 

r a " power swivel or rotary table.) The top drive 12 is 

S| 20 connected to a drill string 14. The drill string 14 has 
^ deviated from vertical. As shown, the drill string 14 rests 

against the well bore where the bore is not vertical. A 
downhole motor 16 with a bent section is at the end of the 
drill string 14. A bit 18 is connected to the downhole 
25 motor 16. The downhole motor 16 is driven by drilling 

fluid. While a drilling fluid driven motor is shown, the 
principles of this, invention apply to any downhole tool 
requiring rotational manipulation from the surface. 

Figure 2 is a detailed depiction of a top drive 12. 
30 The top drive 12 is suspended by a traveling block 20. The 
top drive 12 has a hydraulic motor 22 and an electric motor 
24. Figure 3 is a simplified depiction of a top drive 12. 
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The electric motor 24 is the primary source of drilling 
power when the top drive 12 is used to rotate the drill 
string 14 for drilling. The electric motor 24 may generate 
more than 1,000 horsepower. The hydraulic motor 22 in this 

5 embodiment is much smaller than the electric motor 24. The 
hydraulic motor 22 is connected to a gearbox 26 that gears 
down the hydraulic motor 22 so that the hydraulic motor 22 
rotates the drill string 14 at only one to two r.p.m. 
Because the hydraulic motor 22 is geared down, it may 

0 produce high torque . 



pressurized fluid to the hydraulic motor to cause the motor 
to rotate. The top drive hydraulic system also has a 
counterbalance valve that allows the hydraulic motor 22 to 

5 act as a brake and to transition from its brake mode to a 
rotation mode without any backlash. The counterbalance 
valve maintains fluid pressure on the hydraulic motor to 
prevent its rotation when the hydraulic system is not 
providing pressurized fluid to rotate the motor. One 

0 suitable counterbalance valve is P/N CBCG-LKN-EBY 

manufactured by Sun Hydraulics Corp. of Sarasota, Florida. 



hydraulic motor pinion 28. The hydraulic motor pinion 28 
engages a bull gear 3 0 that is connected to the top drive 
5 quill 32. The top drive quill 32 engages the drill string 
14. The bull gear 30 also engages the electric motor pinion 
34. A brake housing 36 is shown above the electric motor 
24 . 



0 within the brake housing 36. A brake disk 40 is attached to 
a brake shaft 42 that is connected to the electric motor 24 . 
Calipers 44 are located around the outer edge of the brake 
disk 40. The calipers 44 are hydraulically activated to 



The top drive hydraulic system selectively provides 



The hydraulic motor gearbox 2 6 is connected to a 



Figure 4a depicts ,the brake assembly 38 as found 
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engage the disk brake 4 0 and to thus generate braking 
friction. Twelve sensing apertures 46 are located in the 
interior of the brake disk 40. The sensing apertures 46 are 
the same size and are located the same distance from the 
5 center of the brake disk 40. The sensing apertures 46 are 
evenly spaced from one another. In other words, the center 
of each sensing aperture 46 is 30 degrees from the center of 
each adjacent sensing aperture 46 along their common radius 
from the center of the brake disk 40. 
10 A sensor 48 is held at the center of the sensing 

apertures 46 by a sensor bracket 50. The sensor 48 detects 
the rotation of the brake disk 40 by differentiating 

O 

gji between the brake disk 4 0 and the absence of the brake disk 

H 40 in the sensing aperture 46. One suitable sensor 48 is an 

±\ 15 embeddable inductive sensor such as part number Bi 5-G18- 
%1 AP6X manufactured by Turck Inc. of Minneapolis, Minnesota. . 

!£' Figures 4b and 4c depict partial cross-sectional views of 

« the brake housing 3 6 and the brake assembly 38. Because the 

& electric motor 24 is connected to the top drive quill 32 

20 through reducing gears, the twelve sensing apertures 46 and 
Nj sensor 48 generate a pulse for each six degrees of rotation 

of the top drive quill 32 with a typical gear ratio. 

The invention is not limited to an inductive sensor 
used with a brake disk as previously described. Any device 
25 that detects the rotation of the drill string 14 may be 

used. For example, a target wheel with sensing apertures as 
described above may be attached to the top drive shaft 32 or 
any mechanism in rotational engagement with the top drive 
quill 32. A sensor 48 may then be used as described above 
30 to detect the rotation of the target wheel. Alternatively, 
a hermetically sealed optical encoder could be attached to 
the top drive quill 32 to detect the rotation of the drill 
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string. The invention is sufficiently broad to capture any 
device that detects the rotation of the drill string. 

Figure 5 is a schematic representation of the 
interaction of various components. The hydraulic system for 
5 the hydraulic motor 22 has a bidirectional differential 
pressure transducer 52. The bidirectional differential 
pressure transducer 52 detects the pressure differential on 
the hydraulic motor 22. This pressure differential can be 
used to calculate the torque on the hydraulic motor 22. 
10 Data from the transducer 52 and rotational sensor 48 are 
transmitted to a programmable logic controller (PLC) or 
computer 54. One embodiment utilizes an Allen-Bradley SLC 
500 PLC. Many computers, such as a PC, are adaptable to 
perform the required computing functions. 
^ 15 The computer 54 receives and transmits data to a 

monitor/ key pad 56. The computer 54 is also connected to a 
brake actuator valve 58 that controls the flow of fluid to 
™" the brake calipers 44 and thus controls the braking 

C3 function. The computer 54 is also connected to motor 

y' 20 actuator valves 60a, 60b. The motor actuator valves 60a, 
%! 60b control the flow of fluid to the hydraulic motor 22. 

Through the motor actuator valves 60a, 60b, the computer 54 
controls the rotation of the hydraulic motor 22. 

The computer 54 interprets the data received from 
25 the sensor 48 and converts the data to a visual output which 
is shown on the monitor/keypad 56. The visual output 
illustrates the actual rotation of the drill string 14 from 
a selected neutral position. The rotational information is 
also stored in the computer 54 to monitor compliance with 
3 0 operator commands. 

The computer 54 may convert data from the 
bidirectional differential pressure transducer 52 to a 
visual output indicating the torque acting on the hydraulic 
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motor 22. The computer 54 may also use the pressure data to 
maintain the applied torque levels within the limits of the 
drill string . 

The operator may input a desired top drive quill 32 
5 rotation through the monitor/key pad 56. The computer 54, 
upon receipt of the command, opens the motor actuator valve 
60a to advance the hydraulic motor 22 in the proper 
direction. Opening the motor actuator valve 60a overrides 
the counterbalance valve and allows the hydraulic motor 22 

10 to advance in the proper direction. The computer also 

actuates the brake valve 58 to release the pressure on the 
calipers 44 and thus free the brake disk 40. The sensor 48 
will send data to the computer 54 indicating the advancement 
of the top drive quill 32. When the computer 54 receives 

15 data from the sensor 48 indicating the top drive quill 32 

has rotated the desired amount, the computer 54 actuates the 
brake valve 58 to apply pressure to the calipers 44 and thus 
hold the brake disk 40. The computer also closes the motor 
actuator valve 60a which reactivates the counterbalance 

20 valve. By utilizing the above process, the operator may 

advance the top drive quill 32 a specific number of degrees, 
in either direction, with certainty. 

The operator may also input a desired drill string 
oscillation amplitude. Ideally, the drill string 

25 oscillation amplitude rotates the drill string 14 in one 

direction as far as possible without rotating the toolface. 
Then, the drill string 14 is rotated in the opposite 
direction as far as possible without rotating the toolface. 
This oscillation reduces the friction on the drill string 

30 14. Reduced friction improves drilling performance because 
more pressure may be applied to the bit 18. Once the 
desired oscillation amplitude is entered through the 
monitor/key pad 56, the computer 54 opens the motor actuator 
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valve 60a, releases the brake disk 40 and rotates the top 
drive quill 32 the desired amount in one direction. The 
computer 54 then closes the motor actuator valve 60a for 
that direction and opens the motor actuator valve 60b to 
rotate the top drive quill 32 in the opposite direction. 
Once the top drive quill 32 has advanced the desired amount 
in the second direction, the motor actuator valve 60b is 
closed and motor actuator valve 60a is reopened and the top 
drive quill 32 is rotated in its original direction until it 
reaches the desired position. This process is repeated 
until a stop command is entered through the monitor/key pad 
56. 

Thus, for example, when an operator enters a command 
to oscillate the top drive quill 180 degrees, the computer 
54 rotates the top drive quill 90 degrees clockwise from its 
neutral position. The computer then stops the clockwise 
rotation and rotates the quill 180 degrees counterclockwise 
and stops. The computer 54 then rotates the quill 180 
degrees clockwise. The cycle is repeated until a stop 
command is received. When a stop command is received, the 
computer 54 returns the quill 32 to its neutral position. 

In another embodiment, a down hole MWD sensor 62 
transmits toolface orientation information to the computer 
54. The computer 54 automatically adjusts the quill 
rotation to achieve or maintain a desired toolface 
orientation. 

The data from the MWD sensor 62 may also be used to 
optimize the oscillation function. The amplitude of the 
oscillation can be gradually increased until a resulting 
oscillation first becomes apparent at the MWD sensor. This 
then minimizes friction between the drill string and the 
wellbore without disturbing the steering process. If the 
data from the MWD sensor indicates that this oscillation 



amplitude is disturbing the downhole tool, the computer 
reduces the oscillation amplitude. Alternatively, the 
computer 54 can increase the oscillation amplitude until the 
MWD sensor indicates a downhole tool disturbance. Then the 
5 computer 54 can decrease the oscillation amplitude a 
predetermined amount . 

The invention is not limited to the specific 
embodiments disclosed. It will be readily recognized by 
those of ordinary skill in the art that the inventive 
10 concepts disclosed may be expressed in numerous ways. The 
following claims are intended to cover all expressions of 
_ the inventive concepts disclosed above. 

S What is claimed is: 

y& 
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